A new methodology based on cyclic voltammetry using a chemically modified electrode has been developed for the discrimination of the floral origin of honey. This method involves an electronic tongue with an electrochemical sensor made from a carbon paste (CPs) electrode where zinc oxide (ZnO) nanoparticles are used as an electroactive binder material. The bare CPs electrode is evaluated for comparison. The electrochemical response of the modified electrode in 50 samples of five different floral types of honey has been analysed by the cyclic voltammetric technique. The voltammograms of each floral variety of honey reflect the redox properties of the ZnO nanoparticles present inside the carbon paste matrix and are strongly influenced by the nectar source of honey. Thus, each type of honey provides a characteristic signal which is evaluated by using principal component analysis (PCA) and an artificial neural network (ANN). The result of a PCA score plot of the transient responses obtained from the modified carbon paste electrode clearly shows discrimination among the different floral types of honey. The ANN model for floral classification of honey shows more than 90 % accuracy. These results indicate that the ZnO nanoparticles modified carbon paste (ZnO Nps modified CPs) electrode can be a useful electrode for discrimination of honey samples from different floral origins.
Introduction
During the last few years, revealing the floral origin of honey has been a subject of many studies because of its potential in determining nutritional and medicinal aspects (Mandal and Mandal, 2011; Bueno-Costa et al., 2015; Chua et al., 2012) . It is reported that honey possesses a high therapeutic value, particularly in treating ailments like heart and inflammatory diseases (Oryan et al., 2016; Yousuf et al., 2016) . It is a naturally sweet food produced by honeybees from the nectar of plants and is mainly composed of sugar, enzymes, organic and phenolic acids, vitamins, minerals, trace elements and pollens (Missio da Silva et al., 2016; Kadri et al., 2017) . Determination of pollen helps in identifying the nectar source of honey. Depending upon the source, the composition of honey varies (Ball et al., 2007) . The physiochemical attributes of honey, i.e. colour, flavour, and taste vary according to nectar source and climate (El Sohaimy et al., 2015; Karabagias et al., 2014a, b) . In recent years, with an increase in consumer demand for authentic honey, more and more adulterated honey has entered the market. Further, the EU and Codex standard for honey strictly states that the floral and geographical origins must be declared before commercialization to assure honey quality and fraud labelling (Codex Alimentarius Commission, 2001 ). Thus, a particular monofloral honey is associated with commercial value and floral origins of honey need to be assessed (Ozcan and Olmez, 2014) .
Traditionally, botanical identification of honey is carried out by microscopic inspection (Anklam, 1998; Feas et al., 2010) . However, the method involves limitations in terms of sample preparation, time consumption and the need for expertise in pollen identification. This has led to a search for alternate methods of honey analysis using instrumental techniques (Siddiqui et al., 2017) such as atomic absorption spectroscopy (AAS) (Pohl et al., 2011) , capillary electrophoresis (Jiang et al., 2015) , high-pressure liquid chromatography (HPLC), thin layer chromatography (TLC) (Cavazza et al., 2013; Ares et al., 2015; Rezic et al., 2015) , gas chromatography and mass spectrometry (GCMS) , isotope ratio mass spectrometry (IRMS) (Dinca et al., 2015) , electro-spray mass spectrometry (ES-MS) (Kaskoniene et al., 2015) , nuclear magnetic resonance (NMR) spectroscopy (Zheng et al., 2015) , near-infrared (NIR) spectroscopy (Woodcock et al., 2007) and many more. These are separation methods, i.e. constituents are first separated and then chemical fingerprinting is carried out for different floral markers. They involve costly equipment, complex sample preparation and are time-consuming. It is difficult to analyse and correlate many samples together in a short span of time.
Recently, newer methods for the identification of the floral origin of honey using the electronic tongue have been formulated Wang, 2011, 2014; Dias et al., 2015; Sousa et al., 2014; Ulloa et al., 2013; Belay et al., 2017) . The electrochemical sensors of the electronic tongue are the most effective alternative for qualitative assessment as honey constitutes a combination of various electroactive compounds. These electrochemical methods have achieved more significance due to low cost, rapid performance, high selectivity and sensitivity. A multisensory system based on nonselective electrochemical sensors forms an electronic tongue (Peris and Gilabert, 2016; Legin et al., 2003) . The sensors play a pivotal role in the performance of an electronic tongue. In the electrochemical analysis, the voltammetric technique has been regarded as the most popular technique in the complex liquid analysis because of high sensitivity, simplicity and good signal to noise ratio (Ceto et al., 2017; Wei and Wang, 2013; Apetrei and Apetrei, 2016) . Voltammetric sensors as working electrodes provide information about the redox processes occurring in the solution when a potential is applied. Such electrodes provide voltammograms, which show the redox processes corresponding to the electro-active material chosen. The active carbon paste is one of the most interesting sensor materials for fabrication of chemical sensors because of ease in obtaining the material at low cost and its amenability to modification depending upon the target analyte. Carbon paste electrodes have received worldwide attention due to their unique chemical stability, high aspect ratio, and high specific surface area and the fact that they can be used at both positive and negative potentials depending upon the support electrolyte (Svancara and Schachl, 1999; Svancara et al., 2001 Svancara et al., , 2008 Rodriguez-Reinoso et al., 1998) . But, bare CPs electrodes are prone to the problem of electrode fouling and slow electron transfer reaction. Depending upon different applications, bare electrodes are modified with selective compounds. It is for these reasons that chemical modification of the electrode with desired characteristics is in high demand. The chemically modified electrodes are widely used as voltammetric sensors due to versatility and unique electrochemical and electro-catalytic properties. Past studies report that various types of modifiers (Skrzypczynska et al., 2016; Terbouche et al., 2016) are available among which nanocrystalline materials are more advantageous because of their large surface area and high thermal and chemical stability. The additions of nanomaterials with common CPs electrodes are useful for catalysis and are advantageous in making sensors. Conversely, ZnO nanoparticles have advantages such as narrow size distribution, efficient surface modification, and desirable biocompatibility (Bijad et al., 2013) . Nanomaterial modified electrodes have the high electron transfer ability (Fernandez-Garcia and Rodriguez, 2007) . In particular, metal oxide nanomaterials exhibit unique physical and chemical properties due to their size and high density at the corner or edge surface sites. Metal oxides are used for both their redox and acid/base properties in the context of absorption and catalysis (KarimNezhad et al., 2016; Afghani et al., 2016; Tavakolian et al., 2016) .
In the present work we report a simple, low-cost and sensitive voltammetric electrode based on a ZnO nanoparticle modified CPs electrode and the unmodified CPs electrode for comparison, fabricated for the determination of the floral type of honey sample. The electrochemical behaviour is investigated using the cyclic voltammetry technique. The advantages of incorporating nanoparticles into the CPs electrode are investigated for the discrimination of the floral type of honey. The sensor exhibits acceptable reproducibility and stability for determination of the floral source of honey. The response of the electronic tongue is treated with principal component analysis (PCA) to derive the clustering capability for each of the electrodes and ANN has been used for determining the classification of honey samples.
Materials and methods

Apparatus and reagents
Cyclic voltammetric (CV) experiments are performed using an electronic tongue set-up. The set-up comprises a working electrode, an Ag / AgCl reference electrode (saturated KCL, Gamry Instruments Inc.) and a platinum wire as the auxiliary electrode (PH Ionics, India). The working electrode is the unmodified CPs electrode or modified CPs electrode. A pH meter (TANOTIS PH-2011) is used for pH measurement. All the experiments are conducted at room temperature (25 ± 1 • C).
Graphite powder (≥ 99.5 % pure), paraffin oil, zinc acetate dihydrate (ZnOAc 2 .2H 2 O) (≥ 99.99 % pure), sucrose (C 12 H 22 O 11 ) (≥ 99 % pure) and sodium hydroxide (NaOH) (≥ 99 % pure) are procured from Merck, USA. Diethanolamine (DEA) (≥ 98 % pure) is from Sigma-Aldrich, USA, and nitric acid (HNO 3 ) (≥ 65 % pure) is from S.D. Fine Chemicals, India. All chemicals are of reagent grade and used without additional purification. Double-distilled water from the Millipore system, Merck, USA, is used in the experiments.
Synthesis of zinc oxide nanoparticles (ZnONPs)
Zinc oxide nanoparticles (ZnONPs) are synthesized from zinc acetate dehydrate and sucrose using a combustion method. An aqueous solution of 10 g m −1 . of zinc acetate dehydrate and 10 g m −1 of sucrose solution is prepared in 200 mL of Millipore water. The zinc acetate and sucrose solution in 1 : 1 volumetric ratio is homogenised by magnetic stirring. Then, 4 mL of DEA is added to the solution, causing precipitation. The drop-wise addition of concentrated HNO 3 to the solution clears the precipitate while maintaining the pH of the solution at pH 2. The resulting solution is the DEA complex of a Zn ion. This is completely dehydrated at 120 • C for 30 min in a hot plate. After dehydration, the precursor decomposes to a black fluffy mass. The powdery mass is then calcined in an oven at 500 • C for 4 h. The resulting powder obtained is the carbon free zinc oxide nanocrystalline powder. According to the literature, the nanoparticles of the order of 45 nm are expected to form (Das et al., 2014) .
Fabrication of working electrodes for electronic tongue
The bare CPs electrode is prepared in a regular way by mixing graphite powder (70 % (w/w)) with paraffin oil (30 % 5 (w/w)) in an agata mortar for 20 min. The paste is then packed into a glass cavity (1 mm diameter and 2 mm depth). The modified electrodes are prepared by mixing 0.12 mg of ZnO nanoparticles and 1.12 mg of graphite powder in 0.3 mL of paraffin oil in an agata mortar and mixed for 15 min. The packing procedure is the same as that of the bare CPs electrode. Electrical contacts are established through the copper wire. The surfaces of both the electrodes are smoothed and rinsed carefully with double-distilled water prior to each measurement. When required, a new surface is obtained by pushing an excess of the paste out of the tube and polishing with a weighing paper. The fabricated electrodes are shown in Fig. 1 .
Preparation of samples
A total of 50 samples of five different botanical origins, namely Eucalyptus (Eucalyptus globulus, 10 samples), Pumpkin (Cucurbita maxima, 10 samples), Leechi (Litchi chinensis, 10 samples), Mustard (Brassica juncea, 10 samples), and Til (Sesamum indicum, 10 samples) are analysed. All the honey samples are collected from the same geographical area, i.e. from a local apiary in Bankura district, West Bengal, India. The samples are kept at 4-5 • C in glass vials. Prior to analyses, 20 g of each floral type of liquid honey sample was placed in a water bath till it liquefied, and dried. Then the same was diluted in 100 mL Millipore water. The solution is mechanically stirred for 0.5 min (Tiwari et al., 2012) .
Measurement procedure
In each measurement cycle, 60 mL of each honey sample is poured in an electrochemical cell of the Gamry potentiostat. The cyclic voltammograms of each sample are recorded in the potential range of −0.45 to 0.7 V using a scan rate of 0.3 V s −1 for 10 cycles. Prior to each measurement, the sample solution is stirred and the three electrodes are immersed in 60 mL of Millipore water and rinsed. The potential of the working electrode is varied linearly with time, while the reference electrode is maintained at a constant potential. The potential is applied between the reference electrode and the working electrode and the current is measured between the working electrode and the counter electrode. The applied voltage is shown in Fig. 2a . The measured current responses are due to either oxidation or reduction of the analyte over the entire cycle at the surface of the bare CPs electrode and the modified electrode, as can be seen in Fig. 2b in a monoflo- ral honey sample. A large amount of data collected by both types of working electrodes is further treated using multivariate data analysis.
Multivariate data analysis
In order to determine the capacity of the working electrode to classify the honey samples, multivariate data analysis is used. In our experimental work we have used two working electrodes for all the 50 samples and the transient responses of the electrodes, i.e. 383 data points from a complete voltammogram of each sample and for each type of electrode are obtained. Therefore we have a data set of 50 × 383 for each of the working electrodes. The PCA (Pearce et al., 2003) technique is applied for qualitative analysis of the data set, whereas for quantitative analysis, an artificial neural network (ANN) (Pentos et al., 2015) is used. The data sets of each electrode have been considered for the PCA plot. The data analysis involves an initial pre-processing of the transient responses using an auto-scaling technique, i.e. each variable is mean centered and scaled to unit variance prior to PCA. In the case of back propagation multilayer perceptron (BP-MLP) and radial basis function (RBF) neural network classifiers, baseline subtraction and auto-scale techniques, respectively, have been applied for pre-processing to reduce the variability of the input signal while preserving the relevant information. It reduces the training time to avoid redundancy in 10 input data and to obtain a model with better generalization ability (Tiwari et al., 2013) . PCA has been applied to verify the behaviour of the unmodified electrode and the modified electrode in the determination of the floral type of honey. The data set is generated from a large number of observations, i.e. current responses of individual floral types with each electrode. Each data set is treated with PCA to emphasize variation and pattern within a data set. The PCA plot is of vital importance as it gives a visual impression of the experimental data for each type of honey and electrode. The ANN has been used to treat the data for developing the classifier model. Multilayer perceptron has the capability to approximate arbitrary functions (Haykin, 2001 ). An ANN has three different layers, an input layer consisting of input signals, one or more hidden layers, and one output layer. Two different ANN frameworks have been considered, i.e. BPMLP and RBF. PCA and ANN models are implemented with Matlab version 2013a (Mathworks, Inc.) software. A pictorial representation of the BPMLP and RBF network models is shown in Fig. 3. 
Back propagation multilayer perceptron (BP-MLP)
In this study a three-layer BP-MLP model with a single input layer, hidden layer and output layer has been considered. Initially the data obtained from voltammogram were treated with PCA to show the potential to discriminate the different honey samples. Then the BP-MLP was considered for classification purposes and the first 10 principal components were considered as features of the honey samples and used as the inputs of the BP-MLP. Thus the input layer consists of the first 10 principal components and the five output nodes have been considered in the output layer corresponding to five floral types of honey. During the training of the ANN model, it is observed that convergence had been found to be acceptable with one hidden layer. The number of hidden nodes in the hidden layer is taken as 7 and 900 iterations have been carried out for training. In the testing phase, after 900 iterations, the mean square error (MSE) shows over-fitting, i.e. instability. Hence network training is terminated at 900 epochs. In this study, the learning rate of the hidden layer has been taken at 0.2 and "TANSIG" is used as the activation function on hidden layer outputs. In the output layer, "PURELIN" is used as the activation function and the learning rate in the output layer is considered as 0.1.
Radial basis function network (RBF)
The radial basis function is based on the theory of function approximation (Wang, 2015) . Hidden nodes implement the radial basis function, i.e. Gaussian function. The output nodes implement linear summation functions as in BMLP. In the RBF neural network model, the number of input nodes is 10 and the output layer has 5 nodes. The best output has been obtained with a single hidden layer with nine nodes. The parameters chosen for two ANN networks are shown in Table 1 . The steps of data analysis are shown in Fig. 4 .
Results and discussions
The objective of the work was to evaluate the capability of the ZnONPs modified CPs electrode of the voltammetric electronic tongue system in discriminating different floral varieties of honey. In this direction, we focused our attention on the newly developed surface morphology which is responsible for the electrocatalytic behaviour and its capability in the electronic tongue response for the ZnONPs modified CPs electrode sensor in honey floral discrimination.
Optimization of amount of ZnONPs in the CPs electrode
The number of metal oxide modifiers influences the performance of the working electrode in an electronic tongue. It is observed that the number of zinc oxide nanoparticles in the CPs electrode influences the electo-oxidation of honey as examined by CV studies. On increasing the amount of ZnONPs in CPs, the sensitivity of the sensor is increased. A ratio of 1 : 9 is found to be most suitable and, above this ratio, no further increase in redox peaks is observed. . Flowchart for data analysis using neural networks, i.e. the input layer consists of the first 10 principal components and the five output nodes correspond to five floral types of honey.
CV of bare CPs and the modified electrode
The electrochemical behaviours of the carbon paste electrode (CPs electrode) and zinc oxide CPs electrode (ZnONPs modified CPs) have been studied using cyclic voltammetry. ure 5a shows the voltammograms of the bare CPs electrode and ZnONPs modified CPs electrode for the honey sample.
The electrochemical oxidation of all the floral types of honey is observed using the scan rate of 0.3 V s −1 over a potential range of −0.45 to 0.7 V. In Fig. 5a , CVs of bare CPs indicate no prominent redox peak for different floral types of honey as compared to the CV response of the honey samples using modified electrodes, which shows prominent peaks. The redox peaks are not attributed to any particular analyte of honey, but to the overall complex activity of a honey sample with that of the electrode surface. In the case of the ZnONPs modified CPs electrode, the background current is apparently larger and indicates that the effective electrode surface area is significantly enhanced due to modification. This result proves that the electro-catalytic effect of the electrode surface and the electrochemical sensor signal with each floral type of honey can be improved when metal oxide modification is applied to a CPs electrode. Table 2 shows a cathodic and anodic peak current observed for the ZnONPs modified CPs electrode of each floral type of honey. In Fig. 5b , the ZnONPs modified Cps electrode exhibits separate cathodic and anodic peaks for each floral origin of honey. As honey has a complex composition, the electrode does not act particularly to any single compound. Thus, each data point on the voltammograms contains important information on the sample as a whole.
Reproducibility and stability
The reproducibility of the modified sensors is investigated by analysing each floral type for five times with each electrode.
To ascertain the reproducibility results, the cyclic voltammetric experiments are carried out using the modified electrodes under similar conditions. The peak currents for each floral type have not changed much even after 90 days. A small decrease in current sensitivity is observed with a relative standard deviation (RSD) of about 2 and 2.5 %, respectively, for the two types of electrodes fabricated. This indicates the good sensor-to-sensor reproducibility. The stability is examined for each sensor for 10 times in the same concentration of the honey sample. A small change in the CV transient signal is observed after a few months. This shows the long-term stability of the modified electrode.
Data exploration using PCA for qualitative analysis
The non-supervised PCA method is applied to CPs and ZnONPs modified CPs electrodes and signal profiles are measured in different honey samples to display its variability. The PCA is carried out with 50 samples of five different floral types, that is, 10 samples of each type. The analysis is independent of the sample class information and facilitates visualization of clusters of samples and their floral origin. The score plots with a CPs sensor and a ZnONPs modified CPs electrode are presented in Fig. 6a and b, respectively. The PCA plot of the CPs electrode shows 98.75 % of total variance as compared to 99.10 % of the ZnONPs modified CPs electrode. As can be inferred from the plots in Fig. 6a oxide based Cps electrode are higher as compared to the bare CPs electrode and metal electrode (Pearce et al., 2003) . Also, the results show a class separability index (Tiwari et al., 2013) value of 6.37 for the CPs electrode as compared to the nano-metal oxide based CPs, which has a value of 8.09, in the case of ZnONPs, respectively. This improvement shows the utility of a metal oxide based modified Cps electrode. This fact suggests that the metal oxide modified Cps working electrodes in a voltammetric based electronic tongue can be used for more efficient floral identification with better clustering as compared to the bare Cps electrode.
ANN models for quantitative analysis
The classification of five different floral types of honey has been done using two architectures of ANN, i.e. BP-MLP and RBF. For each of the 50 samples of honey, the first 10 principal components (PCs) have been considered as input variables. Thus, the obtained total data set is of size 50 × 10. The data set is divided into a training set of size 30 × 10 (60 %) and a test set of size 20 × 10 (40 %). The performances of the two ANN models for classifying five different floral types are shown in Table 3 .
Conclusions
In this study, a simple fabrication method of a ZnONPs modified CPs electrode is demonstrated for the discrimination of honey from different floral origins. The modified electrode is prepared by using a facile combustion route in order to catalyse the electro-active compounds present in honey. From cyclic voltammetry, it is confirmed that higher anodic current densities can be achieved on the surface of the ZnONPs electrode than at the unmodified CPs electrode. The classification performance by BP-MLP and RBF models for building the electronic tongue response model shows an average of 94.34 and 90.34 % accuracy, respectively. However, in order to use voltammetric sensors in the electronic tongue as a routine methodology, it is recommended to improve the sensor system by including different metal oxide NPs in the CPs electrodes for better discrimination of compositional variation. Compared with platinum and bare CPs sensors, the ZnO modified CPs electrode demonstrates better differentiation amongst the five floral types of honey (Eucalyptus, Pumpkin, Leechi, Mustard and Til). This sensor also exhibits good stability and reproducibility.
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